GC-MS chromatogram of Salvia dorisiana esssential oil and a mix of standards. Essential oil concentration was 53.2 μg/mL in pentane, with 4.66 μg/mL cis-nerolidol (internal standard). Shown is total ion count (TIC), 100% = 5.13E6. Standard mix consisted of limonene (1) 8.36 μg/mL, perillyl aldehyde (2) 5.36 μg/mL, perillyl alcohol (3) 5.27 μg/mL, methyl perillate (4) 6.68 μg/mL, perilla acetate (5) 4.62 μg/mL and cis-nerolidol (6) 4.66 μg/mL in pentane, shown is TIC, 100%=2.20E7. Identity of compounds a-f and x was determined by library hit: α-myrcene (a), some monoterpenes (b), myrtenyl acetate (c), a monoterpene acetate (d), caryophyllene (e), some sesquiterpenes (f), and in the standard mix there was a small contamination of cuminyl acetate (x). GC-MS chromatograms of the methylation reaction of perillic acid (PA) to methylperillate (MPA) at different time-points, reaction samples diluted in chloroform and dried over MgSO4. The reaction yielded 8-methoxy-methyl perillate (MMPA) as a by-product. The longer the reaction time, the more MMPA was formed. At RT 17.75 a peak of another minor by-product is visible, the amount of this by-product increased with time as well. A short reaction time of 21 h ensured complete conversion of PA to MPA and small amount of the byproducts, which could be readily separated by column-chromatography. Peak1  708  Peak7  1045  Peak13  1380  Peak2  742  Peak8  1083  Peak14  1435  Peak3  803  Peak9  1146  Peak15  1649  Peak4  887  Peak10  1201  Peak16  1712  Peak5  922  Peak11  1248  Peak17  2937  Peak6  975  Peak12  1309  Peak18  3082 Fig Quantification was done by linear fit to authentic reference compound standard curve. ± standard deviation, n=5. Oil yield was 1.26 g oil / 100 g DW biomass (± 0.94 g, n=7). Yes [4] malic acid oxygenated carbohydrate dimerization/condensation, esterification, DielsAlder/retro-DielsAlder/elimination biomass (sugars) Yes [5] methyl perillic acid oxygenated ring, acid group, functionalized p-position dehydrogenation, oxidation essential oil (Perilla, Salvia)
Yes [6] [a] Overview existing TA processes from Collias et al. [7] Table S3 Different oxidations of (-)-perillaldehyde to PA, or directly to MPA, that were tested. These included Pinnick oxidations (method of oxidation numbers 2 and 3) and oxidations catalyzed by gold/titanium oxide (number 4) and silver oxide (number 1). Highest efficiency was achieved using oxidation with silver oxide. Literature references, reaction details and the obtained result of all oxidation methods are indicated in the table. 
Leaf extraction
Fresh leaves ≤ 3 cm were snap frozen in liquid nitrogen and ground with pestle and mortar.
139.8 mg of powder was extracted with 6 mL pentane containing 4.66 µg/mL cis-nerolidol as internal standard for analysis by GC-MS.
Essential oil distillation
Hydrodistillation was performed on lab-scale according to Stahl (Stahl, 1962) . Hundred grams of fresh Salvia dorisiana leaves ≤ 3 cm were cut. The leaves were cooked in 1 L demi water in a 2 L round bottom flask for 1 h without organic solvent, and afterwards the pure essential oil layer was removed from the 4°C cooling bulb with a long Pasteur pipette. The essential oil was dried over a MgSO4 column, and the oil yield in w/w% of fresh weight (FW) of the leaves determined, average yield from one distillation 0.13 g (0.13 w/w%). 
Quantification of monoterpenes
The oil was diluted to 53.2 μg/mL in pentane for analysis by GC-MS. A standard series of limonene, methylperillate, perillyl alcohol, perillyl aldehyde and perillyl acetate was prepared ranging from 0.1-50 μg/mL in pentane. Oil and leaf compounds were quantified using a linear and 2 nd order polynomal fitted equation from the standard series.
GC-MS analysis
GC-MS analysis of essential oil was performed on a 7890A gas chromatograph (Agilent) equipped with a mass selective detector (Model 5975C, Agilent) with settings as reported previously (Jongedijk et al., 2015) . 

LC-MS analysis
LC-MS was performed on an Accela HPLC tower connected to a LTQ/Orbitrap hybrid mass spectrometer (Thermo Fisher Scientific), conditions and settings as described previously (van der Hooft et al., 2012).
NMR analysis
NMR spectra were recorded on a Bruker Avance III spectrometer operating at 400.17 MHz 
FT-IR
Fourier transform infrared (FT-IR) spectra were obtained on a Varian Scimitar 1000 FT-IR spectrometer equipped with a Pike MIRacle ATR Diamond/ZnSe single reflection plate and a DTSG-detector. The measurement resolution was set at 4 cm-1, and the spectra were collected in the range 4000-650 cm-1 with 64 co-added scans.
Synthesis of methylperillate
Perillyl aldehyde (50 g) was oxidized to perillic acid using silver oxide, prepared in-situ from silver nitrate and sodium hydroxide as described previously (Wang et al., 1993). After oxidation, the combined filtrate and washings were acidified with dilute hydrochloric acid until pH ~ 1.5 and filtered. Pure perillic acid was obtained, 33.65 g (yield 61%). The product was characterized by 1 H-NMR and 13 C-NMR. The product was characterized by GC-MS after derivatisation with TMSH. Longer reaction times yielded more MMPA (Fig. 1, Fig. A3) . A reaction time of 21h ensured complete conversion of perillic acid to MPA with minimal MMPA formation. MMPA and other minor by-products could readily be separated from MPA by column chromatography or Kugelrohr distillation (Fig. A4 ). According to our knowledge the compound MMPA has not been reported before, characterization data of MPA and MMPA are added in Fig. A4 .
Dehydrogenation to methyl cumate
Dehydrogenation conditions were initially optimized for limonene (Table 2) . Methylperillate was dehydrogenated to methyl cumate using a supported palladium catalyst (Grau et al., 1999).
Purified methylperillate (96% pure), 2.66 mmol, 0.479 g, 0.5 mL, was dissolved in acetone (0.300 mol, 22 mL) in a stirred (830 rpm) 75 mL reactor (MRS5000, Parr instrument company, Illinois, USA) with 5% Pd/Al2O3 catalyst (0.2038 g, ~0.096 mmol Pd), flushed 3 times with N2
and then heated to 125 °C for 1 h under N2. Subsequently, the reactor was let to cool down to room temperature. Then the solution was filtered over a Celite pad and washed with acetone.
The solvent was removed using a rotary evaporator at 40 ˚C. The product was analysed with 1 H-NMR, 13 C-NMR and GC-MS. Some minor by-products related to acetone were observed, among these were diacetone alcohol, that can be formed by aldol addition of two molecules of acetone, and mesityl oxide, the dehydration product of diacetone alcohol. Yield: 0.721 g, 45% pure (total yield methylcumate from methylperillate 69 mole%). 
